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of leucocytes etc.) and to see whether they could be correlated with the data on the content of DU that entered the environment during the bombing in 1999.
MATERIAL AND METHODS

Experimental animals, blood and food sampling
The samples of cows´blood, soils and feed were collected randomly on 6 locations in the region of Bujanovac (Novo Selo and Borovac) in the spring of 2003. Blood samples were taken by punction of v. jugularis (using acid-citrate dextrose as anticoagulant) from 20 clinically healthy cows (Simental type, age 6-13 years). Animals, randomly selected from 9 households, were held on pastures with free access to water, near the area of the air strikes. In the control group there were 10 cows from a location not exposed to DU. There were no significant differences among the groups (considering age, health status, nutrition etc.) that could affect the examined parameters in the blood.
Haematological and biochemical parameters
Complete blood cell count was performed according to standard laboratory procedures. Using colorimetric procedure (spectrophotometer Specord M40, Karl Zeiss, Jena), RBC MDA concentrations were determined at 535 nm (Uchiyama et al., 1978) , RBC SOD activity at 480 nm (Misra and Fridovich, 1972) and hemoglobin concentration was detected at 540 nm (Tentori et al., 1981) .
Functional activity of peripheral blood leukocytes
The activation of isolated peripheral blood leukocytes was evaluated by cytochemical assay for the respiratory burst (Monboisse et al., 1991) measured by intracellular reduction of nitroblue tetrazolim salt (NBT, MERCK, Germany). To determine the spontaneous or induced reduction of NBT, leukocytes were incubated only in Dulbeco's modified Eagle's medium (DMEM, Sigma Chemicals Co., USA) or in 50 ng/ml PMA (phorbol-miristat-acetat; Sigma Chemicals Co., USA), respectively. Formazan produced by cells was measured spectrophotometrically at 540 nm by ELISA 96-well plate reader (Labsystems Multiskan PLUS, Finland). Adhesion of leukocytes to plastics was performed by a modified assay initially described by Oez et al., (1990) . To measure spontaneous or stimulated adhesion, cells were incubated only in medium or in 50 ng/ml PMA, and the absorbance at 540 nm was measured by ELISA 96-well plate reader.
Activity of radionuclides in soils and feed
Activity of the radionuclides in soils and feed (corn and wheat) was determined on HPGe detector (ORTEC, relative efficiency 23%) by standard gamma spectrometry. Geometric calibration was performed with a reference epoxie source (National Measuring Institute, Prague; 250 g; activity of 55,10 kBq measured on 10.3.2001). Counting times were from 61.000-67.500 s. Total standard error of the method was 20%.
Statistical data
Statistical analysis was performed by Microsoft Excel 2000 program. Descriptive statistic tools and unpaired Student's t -test were applied. P value less then 0.05 was considered significant. All estimated values are given as means (MV) ± standard error (SE).
RESULTS
Biochemical and Hematological Measurements
All examined animals had significantly lower red blood cell number (p<0.001), hemoglobin concentration (p<0.05) and PCV values (p<0.05) compared to the control group. Calculated hematological indices of mean corpuscular volume (MCV) and mean corpuscular hemoglobin concentration (MCHC) indicate normocytic normohromic anemia and correspond with data obtained by microscopic examination of blood smears. The exposed group of cows had significantly increased RBC MDA (p<0.001), but unchanged SOD activity compared to the control group (Table 1) . Number of leukocytes (6.6 ± 0.46 x 10 9 /L), relative contribution of lymphocytes (59.22 ± 1.92%), monocytes (4.62 ± 0.81%) and all granulocytes (35.88 ± 1.8%) of examined cows were within the physiological range.
The rate of NBT reduction in vitro (Table 2) indicates the absence of changes in spontaneous and PMA-stimulated NBT reduction in the leukocytes of the exposed group vs. controls. On the contrary, spontaneous and stimulated of cows bred in the area exposed to depleted uranium ammunition adhesion of leukocytes were significantly lower (p<0.01) in the group of cows from areas hit by DU ammunition, compared to the control (Table 2) . 
Radioactivity Measurements
The results of determination of natural and anthropogenic radionuclides content in soils sampled at the sites on wich the animals were bred on, are presented in Table 3 . The results represent the mean values from the 6 sampling sites, as there were no significant differences found in the contents of radionuclides in soils from different sites (Bo`ic et al., 2003). The activity of 238 U/ 235 U in the examined samples of soils were below the minimal detectable concentration (MDC) for the method (10 -3 Bg/kg), while the content of other natural and anthropogenic radionucldes was within the average range of values for the region, except for 40 K, indicating that the analzyed soils are poor in potassium. As for the feed, due to small quantities of the samples, all radionuclides activities were below the minimal detectable concentrations for the method (10 -3 Bq/kg dry weight), except for natural 40 K, the content of which was within the average values for the region (Todorovic et al., 2001 ).
DISCUSSION
After being in the scientific focus of interest in the sixties, seventies and again in the eighties after the nuclear plant accident at Chernobyl in 1986, the risks and effects of low doses of radiation came into public and scientific interest once again, while studying the environmental and health effects of DU ammunition used in the Gulf War in 1991., NATO intervention in Bosnia and Herzegovina in 1994., and during NATO bombing of Serbia and Montenegro in 1999.
Long-term exposure to low doses of DU induce an increased production of highly reactive oxygen species, such as superoxide and hidroxyl anions (Bogdan et al., 2000) , which when attracted to the cell membane, set off a chain reaction successively oxydizing the membrane molecules and provoking different tissue damages and eventually the overall failure of the immune system (Waterfall et al., 1997; Graeub, 1994) . Due to different individual repair mechanisms, the manifestations to low level exposure doses are individually very specific. According to some studies, chronical exposures to low-doses of radiation could be even more damaging than the doses of the same level received accidentally by short length medical X-rays (Petkau, 1972 , Graeub, 1994 Kestell, 2002) . As considered in the Petkau Effect, the lower the concentration of reactive oxygen species present in body fluids, the greater the possibility for cells to be damaged and conversely, the more oxygen radicals created by radiation at higher doses, the faster they recombine and become ineffective before reaching and damaging the membrane (Petkau, 1971; Petkau, 1972; Graeub, 1994) .
Red blood cells are optimal to detect the effects of low level doses of ionising radiation, as they may be the direct targets, or even scavengers of oxygen radicals species, while passing through organs and tissues in which generation of oxygen is increased. Also, as high concentrations of antioxidants and reducing agents in red blood cells make them effective scavengers of oxygen radicals, their passage through tissues undergoing oxidative stress may spare organ damage at the expense of red blood cells oxidation (Christopher, 1996) .
In our study, the analysis of red blood cell parameters and hematological parameters indicated that the majority of cows bred in the area exposed to DU ammunition exhibited normocytic normochromic anemia.
RBC MDA is one of the end products of the peroxidation of membrane lipids, caused by free radical formations, especially by superoxide ion (Patockova et al., 2003) . According to that, RBC MDA is a basic marker of oxidative stress. The concentration of RBC MDA was found to be more than 114 times higher in the exposed group of animals, indicating a violent oxidative stress. The significantly higher concentration of RBC MDA vs. control is consistent with data on oxidative stress studies (Christopher, 1996) and is also in agreement with other reports on the damages of erythrocytes plasma membrane induced by reactive oxygen species (Lunec, 1996) . As previously described by Mattia et al. (1993a; 1993b) and Myhre et al. (2001) , damage of erythrocytes plasma membranes induced by reactive oxygen species (ROS) may shorten the life span of these cells. Morphologically defined normocytic normochromic anemia indicates that there is no marked retikulocytosis, that corresponds to the fact that cows do not respond with increased retikulocyte count unless the anemia is profound. Therefore, disturbances of hematopoiesis, induced by different etiological factors, could not be excluded as a possible mechanism in the pathogenesis of detected anemia.
The other parameter in our study was the antioxidant enzyme SOD, that deactivates ROS and catalyzes transformation of toxic superoxid anion in H 2 O 2 , which cleaves to water and molecular oxygen (Cotgreave et al., 1988; Bogdan et al., 2000) . Although RBC MDA concentrations were extremly high, the antioxidant enzyme SOD activity was unchanged, compared to the control group of animals. This indicates that the oxidative stress overwhelms SOD-antioxidative defense capacity, or could point at ROS induced damage in genes controlling production of superoxide dismutase, as previously described by Orr and Sohal (1994) and Powell and McMillan (1990) .
Peripheral blood leukocytes circulate in a relatively passive, quiescent state. During inflammation or oxidative stress they are activated, expressing their functional activities, while their NADPH-oxidase system is capable to produce reactive oxygen species upon stimulation by cytokines or some bacterial products. In our study, all the exposed animals had the number of leukocytes and the differential leukocytes-count within the physiological range. The absence of leukocytes´respiratory burst, neither in spontaneous nor PMA stimulated NBT reaction, suggested that increased RBC MDA was not due to accompanying inflammation. Meanwhile, a decrease in spontaneous and PMA stimulated adhesiveness of peripheral blood granulocytes pointed at some kind of impairment functional activity of leukocytes.
The results of this study correlate with the data obtained in the study of oxidative stress in sheep bred in areas exposed to DU ammunition, which also confirmed that animals were exposed to strong oxidative stress and exhibited strong responsive anemia (Bo`ic et al., 2003; Aleksi} et al., 2004) . The other study on damage of liver and kidney malfunction in animals from the same area confirmed the presence of plasma albumin polymers in both sheep and cows, and some protein modifications in sheep, indicating a harmful environmental impact, possibly due to radiation (Ga|anski-Omerovi} et al., 2003) .
The results of radioactivity measurements indicated that, although the region was exposed to DU ammunition (FM Report, 2000, UNEP Report 2001, 2002), it did not reache the soils and food/feed to a larger extent, mainly due to the fact that the contamination was local, around the targeted site, or the shells did not explode and therefore, possible contamination could be only due to the corrosion effect (UNEP Report, 2002).
CONCLUSION
The results on biochemical and hematological parameters suggests an existence of violent oxidative stress effects and anemia in cows bred in the area hit by DU ammunition. As the examined animals were clinically healthy, the results show that they were exposed to some serious disturbances in the environment. However, we cannot conclusively correlate the obtained data with the effects of DU that entered the environment and therefore, further studies are needed.
